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Pneumococci undergo, during autolysis, a  change from the Gram- 
positive to the Gram-negative state.  This change in staining reaction 
need not be accompanied by any gross lysis or disintegration of the 
cell structure; indeed, suspensions of pneumococci can be obtained 
which no longer take the Gram stain but retain otherwise their char- 
acteristic morphology (1, 2).  It has been shown, on the other hand, 
that  encapsulated pneumococci which have become  Gram-negative 
under these conditions, lose the capacity to stimulate the production 
of the type specific capsular antibodies when injected into rabbits (3). 
It is  of obvious interest for an understanding of the Gram reaction, 
and for a  study of the antigenic structure of pneumococci, to deter- 
mine the nature and properties of the substances released in solution 
when  these  bacterial  cells  become  Gram-negative.  The  chemical 
nature of these substances will be described in other papers.  It is 
shown in the present study that rabbits and mice injected with this 
soluble  fraction  develop  immunity against  infection  with  virulent 
pneumococci. 
EXPEI~  ~IWTAL 
Cu~ures.--Virulent  pneumococci were  grown and  preserved  in  blood  broth and 
passed through mice often enough  to maintain a  degree of virulence such  that 
0.000,000,01  cc.  of an  8  hour  culture would kill 20  gin.  mice within  72  hours. 
Cultures of R variants were similarly grown in blood broth. 
Immunization  and  Immunity  Tests.--The  route  of  immunization  and  the 
amount of antigen used are described for each experiment. 
The rabbits were bled one week after they had received the last immunizing 
dose.  Their  sera were  tested for the presence of protective antibodies by the 
intraperitoneal injection into white mice of mixtures of 0.5  cc. of serum and of 
virulent cultures diluted in 0.5 cc. of meat infusion broth. 
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White mice were tested for active immunity one week after they had received 
the last immunizing dose.  The infecting dose was given by the intraperitoneal 
route. 
Different techniques have been  described  in preceding papers  for 
the preparation of suspensions of pneumococci which become Gram- 
negative  without  undergoing  cellular  disintegration  (1-3).  It  has 
been  shown in particular  that pneumococci resuspended  in  organic 
acids at pH 4.0-4.4  remain Gram-positive as long as they are main- 
tained  at  acid  reactions.  If,  however,  the  same  cell  suspension  is 
later neutralized, an enzymatic action takes place which changes the 
bacterial  cells from the  Gram-positive  to  the  Gram-negative  state, 
without  causing further  autolysis.  The  soluble  products  released 
during this change have been used in the following experiments for 
the immunization of rabbits and mice. 
The Immunization  of Rabbits with a Soluble Antigen Prepared  from 
Type I  Pneumococci.  Experiment 1.- 
The cells from 3 liters  of a  4 hour culture of virulent Type I  pneumococci 
were separated by centrifugalization  and resuspended in 60 cc. of 5/10 acetate 
buffer at pH 4.2.  The acid suspension of bacterial cells was kept at 37°C. over- 
night.  The cells, which were still Gram-positive, were centrifugalized the next 
day, and resuspended in 35 cc. of ~r/20 phosphate buffer at pH 7.2.  The neutral 
bacterial suspension was incubated at 37°C.  After 6 hours incubation, the cells 
had become Gram-negative,  but there was no evidence of lysis.  The cells were 
then centrifugalized, the supernatant fluid filtered through a Berkefeld filter (V) 
and the filtrate used for the immunization of 3 rabbits.  Each rabbit received 5 cc. 
of the filtrate on 2 consecutive days. 
A similar antigen preparation was obtained one week later from 5 liters  of 
broth culture of Type I  pneumococci and the 3 rabbits again received 5 cc. of 
filtrate on 2 consecutive days. 
The animals were bled one week after the last immunizing dose and a pool of 
the 3 sera was tested in mice for the presence of protective antibodies.  The mice 
were infected with different dilutions of virulent cultures of pneumococci of Type 
I (SVI) and of Type III (A/66/S).  The results are presented in Table I. 
The results of Experiment 1 show that the serum of rabbits immun- 
ized with the filtered antigen obtained from Type I  pneumococci was 
able  to protect mice  against  100,000  fatal doses of virulent Type  I 
pneumococci and against 1000 doses of Type III pneumococci. m~r~  j.  ~u~os  801 
Properties of the Soluble Antigen Extracted frora Type I  Pneumococd. 
--The  filtered  antigen  obtained  from  Type  I  pneumococci  by  the 
method  described  in  Experiment  1 gives a  distinct  precipitate  when 
treated with acetic acid at pH 4.2.  This precipitate is readily soluble 
at neutral reaction; the neutral solution can be heated at boiling tem- 
perature  without  giving any evidence of coagulation.  The  effect of 
acid precipitation  and of heating on the  antigenicity  of this fraction 
is considered in Experiment 2. 
Experiment 2.--The antigen was prepared from 16 liters of broth culture of 
Type I  pneumococci according to the method described in Experiment 1.  The 
TABLE  I 
The Protective Action in Mice of the Serum of Rabbits Immunized with a Soluble 
Fraction of Type I Pneumococci 
Pooled sera of rabbits 
immunized with soluble 
antigen 
0.5 
0 (control mice) 
Infecting  pneumococci 
Amount  of culture 
C,$. 
10-a 
10-4 
10-5 
10--6 
10-~ 
10-6 
10-7 
lO-S 
Type  I 
S  S  S 
D72  S  S 
S  S  S 
S  S  S 
D 72 
D 72 
D 72 
Type  III 
m  __  __ 
D72  D72  D72 
D72  S  S 
S  S  S 
S  S  S 
D 22 
D 72 
D 72 
S = survival of the animal. 
D  -- death of the animal; the 
death. 
numeral indicates the number of hours before 
filtered solution was treated with acetic acid at pH 4.2; the precipitate was sepa- 
rated by centrifugalization and finally put back in solution in 150 cc. of neutral 
saline solution.  Half of the solution (75 cc.) was kept at 0°C., and the other half 
heated to 80°C. for 10 minutes.  The two fractions were used for the immuniza- 
tion of 2 groups of 3 rabbits each according to the method described in Experi- 
ment 1.  The sera were tested in mice for the presence of protective antibodies 
effective against pneumococci of Type I  (SVI) and Type II (D39S).  The results 
are presented in Table II. 
The results presented in Table II show that the sera of the 3 rabbits 
immunized  with  the  antigen  precipitated  at pH  4.2  protected  mice 802  IMMUNIZATION  WITH  ANTIGEN  FROM  PNEUMOCOCCI 
against infection with many fatal doses of Type I  and Type II pneu- 
mococci.  The  sera  of  the  3  rabbits  immunized  with  the  antigen 
heated at 80°C.  were much less effective,  These 3  animals received 
an additional course of immunization with a new preparation of heated 
TABLE II 
The Protective Action in Mice of the Sera of Rabbits Immunized with the Soluble 
Antigen of Type I Pneumococci Precipitated  with Acetic Acid or Heated at 80°C. 
Immune rabbit  serum  Infecting  pneumococci 
Antigen used  for  hnmuni-  Rabbit  No  Amount of  culture  Type  I 
zation  of  rabbits 
CC. 
Antigen  precipitated  1  10  -~ 
at pH 4.2  10  -6 
2  10  -~ 
10-s 
3  10  -~ 
10-6 
~mtigen  heated  at  4  10  -5 
80oc.  10-s 
~ontrol mice 
5  10  -5 
10-6 
6  10  -6 
10-6 
10-6 
10-7 
10-~ 
S  S 
S  S 
S  S 
S  S 
D 72 
D 42 
D42  D96 
D96  D120 
D 72  D 120 
D72  D72 
D72  D96 
D96  D96 
D 42 
D 42 
D 42 
Type II 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
D48  S 
S  S 
D48  D48 
D42  S 
D48  S 
S  S 
D42 
D42 
D120 
S  =  survival of the animal. 
D  =  death of the animal; the numeral indicates the number of hours before 
death. 
antigen;  a  marked  increase  in  protective  titer  was  then  observed, 
especially  against  Type  I  pneumococci.  It  is  apparent  therefore 
that heating at 80°C.  for 10 minutes did not  completely destroy the 
immunizing power of the soluble antigen.  However, a final answer to 
the question of heat stability of the antigen will require the immuniza- P~.EN~ .]'. DUBOS  803 
tion of a large number of animals, since individual rabbits vary greatly 
in their response to the injection of the same preparation of antigen 
(Experiment 4). 
Immunization  of Rabbits  with  a  Soluble  Antigen  Extracted from  R 
Pneumococci,--The  results of Experiments  1 and 2 indicate that the 
soluble  antigen  extracted  from  Type  I  pneumococci  stimulates  in 
rabbits  the  production  of protective  antibodies  which  are  effective 
TABLE III 
The  Protective Action in Mice of the Sera  of Rabbits Immunized with a  Soluble 
Extract Prepared from R Pneumococci 
Immune rabbit  serum  Infecting  pneumococci 
Amount  Rabbit  No.  Amount  of  culture  Type  I  Type  II  Type  III 
0.5 
0.5 
0.5 
0 (Control mice) 
10-5 
10--6 
10--7 
10-5 
10-~ 
10--7 
10-5 
10-6 
10-7 
10--6 
10-7 
10-s 
D46  D46 
D26  D96 
D96  S 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
D46 
D 46 
D 96 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
S  S 
D 46 
D 46 
D 46 
--  m 
D48  D48 
D72  D48 
D48  D48 
S  S 
m 
D48  D48 
D48  S 
D 46 
D 46 
D 96 
S  =  survival of the animal. 
D  ffi death of the animal; the numeral 
death. 
indicates the number of hours before 
not only against pneumococci of homologous type, but  also  against 
heterologous  types.  It  has  also  been  shown  elsewhere  that  the 
change  from the  Gram-positive  to  the  Gram-negative  state  (under 
the  conditions  described  in  Experiment  1)  is  a  reaction  which  is 
common not only to all types of pneumococci, but also  to the R  as 
well as the S variants.  It appeared therefore possible that a  soluble 
antigenic  fraction  could  be  prepared  from  R  pneumococci.  The 804  IMMUNIZATION WITH ANTIGEN FROM PNEUMOCOCCI 
immunization of rabbits with the fraction released in solution when 
R pneumococci become Gram-negative is illustrated in Experiment 3. 
Experiment 3.--The culture used was an R  variant  derived from Type II 
Pneumococcus (D39R) ; 0.5 cc. of an 8 hour broth culture of this strain failed to 
kill a mouse when injected by the intraperitoneal route.  The antigen was pre- 
pared from 5,000 cc. of a 4 hour broth culture, according  to the method described 
in Experiment 1.  The filtered soluble fraction (35 cc.) was injected intravenously 
into 3 rabbits on 3 consecutive  days.  The 3 rabbits were bled one week after the 
last immunizing dose and their sera were tested in mice for protective action 
against virulent pneumococci.  The results are presented in Table III. 
The results of Experiment 3 show that the sera of rabbits immun- 
ized  with  a  soluble  antigen prepared  from R  pneumococci protect 
mice against many fatal doses of virulent Type I  and Type II pneu- 
mococci; there was only a  very slight degree of protection against 
Type III pneumococci. 
Studies  on  the  technique  of  preparation  of  the  soluble  antigen 
would be rendered easier if there were available a  rapid method for 
the comparison of the antigenic efficacy of different extracts.  It is 
shown in the following experiment that it is indeed possible to obtain 
a positive antigenic response to the injection of a single dose of antigen 
into rabbits. 
Experimen~ 4.--The soluble antigen was prepared from 30 liters of a broth 
culture of R pneumococci (derived from Type II) by the method described in 
Experiment  1.  The  filtered solution was  precipitated  with  acetic acid; the 
precipitate was redissolved  in 50 cc. of saline by careful addition of dilute NaOH. 
The antigen was administered to 10 rabbits in a single  injection of 5 cc. per rabbit. 
The animals were bled one week later and their sera were tested in mice for pro- 
tective action against Type I pneumococcus. 
The results presented in Table IV show that certain rabbits respond 
to the injection of a  single dose of antigen with the production of 
protective  antibodies.  The  marked  individual  variations  unfortu- 
nately make it difficult to compare the antigenic value of different 
preparations unless large numbers of animals are used.  Experiments 
are now in progress to increase the protective titers of the immune 
sera.  It has been found, however, that the rabbits which fail to give 
a definite antigenic response to a single immunizing dose remain poor 
antibody producers even on prolonged immunization. REN~ J.  DUBOS  805 
The Immunization of Mice with Soluble Extracts of R Pneumococci.-- 
The possibility of rendering mice actively immune to virulent pneu- 
TABLE  IV 
The Protective Action in Mice of ate Sera of Rabbits Immunized with One Single 
Injection of Soluble Antigen Prepared from R Pneumococd 
Rabbit No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Amount of 
¢£. 
0.5 
cc 
cc 
cc 
cc 
cc 
cc 
¢c 
¢¢ 
cc 
Control mice 
10-4 ~. 
Infecting  dose of Type I Pneumococcus 
S  S 
D  D 
D  D 
D  D 
D  D 
D  D 
D  D 
D  S 
D  D 
D  D 
IOa  cc.  10~  c¢. 
S 
S 
D 
D 
D 
S 
S 
S 
D 
D 
S  S  S 
D  D  D 
D  D  D 
D  D  D 
D  D  D 
D  D  D 
D  S  S 
D  S  D 
D  D  D 
D  D  D 
D 
1 
w 
m 
10-8  CO, 
D 
S  =  survival of the animal. 
D  =  death of the animal. 
TABLE  V 
Active Immunization of Mice with a Soluble Antigen Prepared from R Pneumococci 
Amount of culture 
Type I pneumococci 
10--4 
10--6 
10--8 
10-7 
10s 
Intral~rhona~l 
D25  D21 
D24  S 
D48  S 
Route of immunization 
Subcutaneous 
D42  S 
D  120  S 
D44  D48 
Intramuscular 
D42  D72 
D72  S 
S  S 
Control mice 
D  42 
D  72 
D  120 
S  -  survival of the animal. 
D  -  death of the animal; the numeral indicates the number of hours before 
death. 
mococci,  by  the  injection  of a  soluble  antigen  prepared  from  R  pneu- 
mococci,  is  considered  in  Experiment  5. 806  IMMUNIZATION  WITH  ANTIGEN  FROM  FNEI)-MOCOCCI 
Experiment 5.--The soluble antigen was prepared from the cells of 1,500 cc. 
of a 4 hour culture of an R Pneumococcus (derived from Type II) by the method 
described in Experiment  1.  The filtered solution was precipitated  with acetic 
acid at pH 4.2 and the precipitate put back in solution in 4 cc. of saline (at pH 7.0). 
The antigen was injected in a single dose of 0.2 cc. amounts into 18 mice by the 
intraperitoneal, the subcutaneous, or the intramuscular route (3 groups of 6 mice 
each).  The animals were infected with virulent Type I pneumococci one week 
later. 
The results of Experiment 5 indicate that some of the mice immun- 
ized with a soluble antigen prepared from R pneumococci are protected 
against  many  fatal  doses  of  virulent  Type  I  pneumococci.  The 
protection,  however, is of a  very irregular  character,  and it has not 
been found possible so far to obtain more consistent results by varying 
the amount of antigen,  or by increasing  the number of immunizing 
injections. 
DISCUSSION 
As repeatedly shown in  previous articles,  it is possible to  change 
pneumococci  from  the  Gram-positive  to  the  Gram-negative  state 
without  causing  a  disintegration  or  lysis  of  the  cell  bodies  (I-3). 
This  reaction  is common to all  types of pneumococci and  to the  k 
variants  as  well  as  the  S.  In  the  course  of  this  limited  form  of 
autolysis, small amounts of soluble material  are released in solution, 
and  in  particular  a  fraction  which  can  be  precipitated  with  acetic 
acid.  It is this particular fraction which has been used for the immun- 
ization  of rabbits and  mice.  This soluble antigen, whether obtained 
from R  or S pneumococci, gives rise to the production in rabbits of 
antibodies  which protect  mice  against  many  fatal  doses of virulent 
pneumococci of Type I, Type II, and Type III.  No effort has been 
made so far to achieve high protective titers in the immunized rabbits, 
but rather it has been attempted to establish a rapid test for compar- 
ing the antigenic efficacy of different preparations.  Although  there 
exist wide differences between individual  rabbits,  it was found that 
many animals give a positive response to the injection of a single dose 
of antigen.  Eight antigen preparations have been tested so far; four 
were prepared from encapsulated Type I pneumococci, and four from 
an  R  culture  (derived  from  Type  II).  All  were  found  capable  of ~r~  3.  Du~os  807 
stimulating  the  production  of  protective  antibodies  in  rabbits;  as 
far as available methods permit to judge, the preparations obtained 
from R cells are as effective as those obtained from encapsulated cells. 
In all cases, the rabbit sera, when tested in mice, were found to protect 
much better against infection with pneumococci of Type I and Type II 
than of Type III; it must be pointed out, however, that the strain of 
Type  III  Pneumococcus  used  in  these  experiments  is  extremely 
virulent for the mouse, and that even Type III antisera with a high 
titer of anticapsular antibodies afford only little protection to mice 
infected with this strain. 
Tillett showed that a broad immunity against infection  with virulent 
pneumococci (Types I, II, and III) can be induced in rabbits by vac- 
cination with avirulent P~ strains of pneumococcus (4).  This form 
of active resistance is effective in the absence of demonstrable type 
specific antibodies; it can be passively transferred to normal rabbits 
by the blood of the immunized animals, but could not be transferred 
to mice.  It is possible that the non-type specific immunity recognized 
by TiUett may be due to the antigen described in the present study. 
In the preceding experiments, the soluble antigen was used in amounts 
corresponding to 2 to 3 liters of broth culture per rabbit; it is likely 
that  the  amount of  antigen used by Tillett in the  form of intact 
bacterial cells (5 to 25 cc. of culture) was too small to allow the produc- 
tion of protective antibodies detectable by passive protection tests 
in mice. 
Day (5, 6)  and Harley (7) discovered that when virulent pneumo- 
cocci are allowed to autolyze under certain conditions, an antigen is 
obtained which produces in mice active immunity to both homologous 
and heterologous types of pneumococci; the sera of rabbits immunized 
with  this  same  antigen  also  afford  non-type  specific  protection  to 
mice.  Day and Harley designate the antigen as "pneumococcal spe- 
cies antigen" and believe that it is produced by the action of the pneu- 
mococcus enzymes on the type specific antigen.  Although they state 
definitely that this species antigen is entirely absent from the aviru- 
lent I~ ceils,  it cannot be ruled out as yet that the antigen studied 
in the present paper is the same as that  described by the English 
authors. 808  IMMUNIZATION  WITH ANTIGEN FROM PNEUMOCOCCI 
Felton (8) has also reported that it is possible to extract from viru- 
lent  pneumococci a  fraction  which produces  specific  immunity in 
mice, and heterologous immunity in human beings. 
It is,  therefore, possible to produce non-type specific immunity to 
pneumococcus infections by widely different techniques.  Whether a 
single antigenic substance, the so called species antigen, is involved 
in all cases, or whether species specific immunity can be determined 
by a  number of different, unrelated antigens,  must  remain for the 
present an open question. 
SUMMARY 
Pneumococci killed by acetic acid at pH 4.2, then allowed to become 
Gram-negative  at  pH  7.0,  under  conditions  such  that  no  cellular 
disintegration takes place, release in solution small amounts of a sub- 
stance which is precipitable by acetic acid,  and  soluble at  neutral 
reaction. 
This soluble fraction injected into rabbits by the intravenous route 
causes the production of antibodies which afford definite protection 
to mice infected with virulent pneumococci of Types I, II, and III. 
Other types were not tried. 
White mice immunized with this soluble antigen exhibit some active 
immunity to virulent pneumococci, but  the results have been very 
irregular so far. 
Soluble fractions,  similar in properties  and  with  apparently  the 
same immunizing action, have been obtained from both virulent (S) 
and avirulent (R) cells of pneumococci. 
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